The 4-aminoquinoline antimalarials chloroquine and hydroxychloroquine have been promoted and sometimes used in the treatment of COVID-19, alone or combined with azithromycin, based on their immunomodulatory and antiviral properties, despite an absence of methodologically appropriate proof of their efficacy. The global community awaits the results of ongoing, well powered randomised controlled trials showing the effects of chloroquine and hydroxychloroquine on COVID-19 clinical outcomes. These drugs, however, might be associated with cardiac toxicity. Macrolides[@bib1] and 4-aminoquinolines[@bib2] prolong ventricular repolarisation, as evidenced by QT interval prolongation corrected for heart rate (QTc) on the electrocardiogram. QTc prolongation can be associated with a specific ventricular arrhythmia called torsade de pointes, which, although often self-terminating, can degenerate into ventricular tachycardia or fibrillation, leading to death. Torsade de pointes is a rare event, with an estimated annual crude incidence of 3·2 per million population; the incidence is almost doubled in women compared with men and increases with age.[@bib3] Drug-induced torsade de pointes mostly occurs in the presence of several risk factors, including high drug concentration, simultaneous exposure to multiple QTc-prolonging drugs, coronary heart disease, heart failure, hypokalaemia, bradycardia, or congenital long-QT syndrome, among others.[@bib4]

In *The Lancet*, Mandeep Mehra and colleagues[@bib5] report the largest observational study published to date on the effects of chloroquine or hydroxychloroquine, with or without a macrolide, in 96 032 hospitalised patients (mean age 53·8 years, 46·3% women) who tested positive for severe acute respiratory syndrome coronavirus 2. Verified data from an international registry comprising 671 hospitals in six continents were used to compare patients with COVID-19 who received chloroquine (n=1868), hydroxychloroquine (n=3016), chloroquine with a macrolide (n=3783), or hydroxychloroquine with a macrolide (n=6221) within 48 h of COVID-19 diagnosis, with 81 144 controls who did not receive these drugs. The primary outcome was in-hospital mortality and the occurrence of de-novo non-sustained or sustained ventricular tachycardia or ventricular fibrillation was also analysed. A Cox proportional hazard model accounting for many confounding variables, including age, sex, ethnicity, comorbidities, other medications, and COVID-19 severity, showed a significant increase in the risk of in-hospital mortality with the four treatment regimens compared with the control group (hazard ratios \[HRs\] of 1·335 \[95% CI 1·223--1·457\] to 1·447 \[1·368--1·531\]). Analyses using propensity score matching by treatment group supported this result. The increased risk of in-hospital mortality was similar in men (1·293 \[1·178--1·420\] to 1·408 \[1·309--1·513\]) and women (1·338 \[1·169--1·531\] to 1·494 \[1·334--1·672\]). The incidence of repetitive ventricular arrhythmias ranged from 4·3% to 8·1% in patients treated with a 4-aminoquinoline, compared with 0·3% in the control group (p\<0·0001).

Despite limitations inherent to the observational nature of this study, Mehra and colleagues should be commended for providing results from a well designed and controlled study of the effects of chloroquine or hydroxychloroquine, with or without a macrolide, in a very large sample of hospitalised patients with COVID-19. Their results indicate an absence of benefit of 4-aminoquinoline-based treatments in this population and suggest that they could even be harmful. It is tempting to attribute the increased risk of in-hospital deaths to the higher observed incidence of drug-induced ventricular arrhythmias, given that these drugs are known to prolong QTc and provoke torsade de pointes. However, the relationship between death and ventricular tachycardia was not studied and causes of deaths (ie, arrhythmic *vs* non-arrhythmic) were not adjudicated. Although not all ventricular arrhythmias might have been detected, the number of deaths in the treatment groups was much greater than the number of patients who had ventricular arrhythmias. The risk of death associated with 4-aminoquinolines alone or combined with a macrolide was similar, whereas it would be expected that the combination of two QTc-prolonging drugs would increase their proarrhythmic potential.[@bib6] The HRs for death were similar in men and women, whereas women have a higher sensitivity to drug-induced QTc prolongation[@bib7] and a higher risk of drug-induced torsade de pointes[@bib3] than men. The study therefore does not suggest that the increased risk of death with 4-aminoquinolines was due to a proarrhythmic mechanism. Another hypothesis to explain the increased risk of death with 4-aminoquinolines is that their antiviral and immunomodulatory properties could worsen COVID-19 severity in some patients. Nevertheless, the increased incidence of ventricular arrhythmias is intriguing. Chloroquine,[@bib8] hydroxychloroquine,[@bib9] and azithromycin[@bib10] have sodium channel blocking properties that might contribute to proarrhythmia[@bib11] and heart failure in the context of myocardial injury and hypoxia present in COVID-19.[@bib12] This hypothesis remains to be tested.
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The findings from Mehra and colleagues\' study add to preliminary reports suggesting that regimens of chloroquine or hydroxychloroquine, alone or with azithromycin, are not useful and could be harmful in hospitalised patients with COVID-19.
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